






~I R E C TOR' 5 ME 5 5 AGE 

During 1994, the Jet Propulsion Laboratory (JPL) had many significant ac

comphshments, mcluding a number of Important discovenes by JPL-managed 

proJects. The TOPEX/Poseldon oceanographIc research satelhte, for example. 

deepened the saentific understandmg of the EI Nino disturbance m the Pacific 

Ocean; the Ulysses spacecraft found some unexpected phenomena at the Sun's 

south polar region, the second Wide Field/Planetary Camera on the Hubble 

Space Telescope Yielded a rich bounty of new astronomical/astrophysical find

mgs, and the Gahleo spacecraft made history with its observatIOns of comet 

Shoemaker-Levy 9's fiery collision with Jupiter. 

The past year was also a time of profound change. as the Laboratory continued 

to adapt Itself to the new international. national and budgetary environments 

of the mld-1990s. No orgamzatlon survives today Without a rapid, focused re

sponse to its environment. 

JPL has been successful m the past by responding to the nation's needs dunng 

the Cold War. That era has passed and a new one IS evolving. The Laboratory 

today IS concentrating ItS creative energies on satisfying customer needs. de

veloping exciting. yet low-cost. missions of soentJflc discovery. modIfying its 

internal processes. improving its busmess practices and contnbutmg to the eco

nomic and soaal vItality of the nation. The Laboratory mtends to transform 

Itself so that It can do what no one has done before. 







~ELE8RAfION AND CHANGE IN 1994 

In 1994, JPL celebrated the 50th anniversary of a major change m its 

hIstory - the June 1944 signing of a contract with the U.S. Army to begin 

development of a long-range rmsstle for use during the Second World War. 

The Army contract began the transformation of what until then had been 

the Guggenheim Aeronautical laboratory of the California Institute of Technol

ogy (GALCIT) into today's JPL. GALCIT had been a small research laboratory 

within the California Institute of Technology (Caltech), with a staff of less than 

100 graduate students and technicians, an annual budget of a few hundred 

thousand dollars and a charter to conduct basic rocketry experiments. The JPL of 

today - an operating division of CaItech, perfonning research and development 

for the NatIonal Aeronautics and Space AdrmrustratIon (NASA) - has some 

5,900 employees, an annual budget of approXImately $1 bdlion and a wide

ranging charter for Solar System exploration, Earth observatIons, astrophysical 

research and technology development. 

As it happened, this 50th anruversary coindded WIth a new round of 

changes taking place at JPL - changes affecting its organizational structure, the 

size and makeup of its work force, the way it designs and builds spacecraft, the 

way it operates missions and the way it conducts business. 

Major transformations like this are always a response to some fordng 

event. In JPL's case, the fordng event has been a rapid and radical alteration to 

the environment that, since 1959 (the year the laboratory was transferred from 

the Army to NASA), had been a very favorable one for the natIon's dvil space 

program. In the span of just the last few years, we have WItnessed: 

• The dissolution of the former Soviet Uruon. Space exploration IS no 

longer the competItIve international arena It was only a decade ago. Instead, 

cooperation is now the norm and the laboratory is forging new relationships 

with European, Japanese and Russian space organizations. 

• A new political environment. The November 1994 elections are widely 

regarded as a sea change in the U.S. political agenda. There has been specula

tion about reorganizing the nation's sdence and engmeenng resources, but it 

remains to be seen what directions the new Congressional leadership WIll take. 

• Sharp cutbacks in Federal spending. Every Federal agency, including 

NASA, must confront the prospect of shrinking budgets into the early years of 

the next century and consider the lIDpact of these reductions on programs and 

personnel. And, of course, whatever affects NASA affects JPL. 

• The decline m the U.S. aerospace mdustry. As U.S. Department of 

Defense funding has tapered off, aerospace firms are looking for other busmess 
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opportunioes in whIch to apply their manufactunng and technological skills. JPl 

IS exploring new partnerships with these comparnes. 

Recogrnzmg these changes, JPL has begun to reinvent Itself to meet the 

challenges of the 21st century. The Laboratory has embraced the complemen

tary concepts of Total QualIty Management and Mreengmeenng business 

processes~ as it moves toward becoming a more effident organization -

meetmg customers' reqUIrements quickly, WIth scrupulous attennon to costs 

and schedules, while maintairnng traditionally hIgh standards of scientific and 

engineering excellence 

Toward that end, JPL is looking at its spectrum of skills to see how these 

can best be used In service to NASA and the nation. The Laboratory has 

significant capabilities in several areas: planetary exploration; telecommunica

tions (the management and operation of the Deep Space Network, NASA's 

worldwide system for commurucatIng WIth spacecraft); sCience support for 

NASA's MISSIon to Planet Earth and astrophYSICS (particularly In the detectIon 

and analysis of long-wavelength radianon); robotics; supercomputing; ml(:ro

electronics and mlcrodeVlces. and certain dasses of sensors 

~ETURN TO MARS AND SATURN 

Planetary exploration has been the hallmark of JPL's acovities for more 

than 30 years. SInce its Manner 2 spacecraft cruised past Venus m 1962, JPL 

spacecraft have flown by or orbited the Sun and every planet in the Solar 

System, save Pluto. These missions have returned staggering quantitIes of data 

- from images of planetary surfaces and moons to measurements of tempera

tures, atmospheric pressures and electromagnetIc enVIronments. And yet, 

despIte thIs bounty of mfonnauon, sClennfic mvestigatIon of the Solar System 

has only begun. 

Mars - roughly half the size of Earth. yet marked with disproportionately 

large volcanoes, canyons and nverine features - was examined by SIX JPL 

spacecraft In the 1960s and 19705. The planet IS once again the focus of scientific 

attention; in 1994, JPL established a Mars ExploratIon Program Office to create 

a series of low-cost nusslons to thIs Intrigumg body between 1997 and 2005. 

These ventures will pick up where the Manner and Viking miSSIOns left off and 

should expand understanding of the so-called Red Planet. 

The first two new Mars spacecraft are Mars PathfInder and Mars Global 

Surveyor, the first being built at JPL and the second at the Denver, Colorado, 



The touchstone of the planned, decade-long exploration of Mars 

by NASA. and JPL is the search for water - when,. if e.ver, was it 

present on the Red Pla"et, over what regions and in what quantities? 

The search for water underlies the three primary areas of Martian 

explora rion: 

• Evithnce of past or present life. Although neither of the two 

Viking spacecraft found any indicatio" pf living organisms at their 

two landing sites in 1976. it remains to be sun if some ftrrm of life, 

however primitive, might have existed 0" Mars at one time. If water 

w as present once, the Martian environment might have been warm, 

wet and dense just long enou9h to all(!-w some. primitive life-forms to 

be.gin evolving. The challenge for JPL engineers and scientists is to de

sig" experiments and equipmem capable of recognizing subtle, per

haps even cryptic, hints of such processes . 

• Climate and weather. The MaTS Pathfinder and Mars Global 

Surveyor spacecraft will look for subsurface. reservoirs oj water and 

closely examine the polar caps of frozen carbon dioxide (dry ice) and 

water ice. The form, locations and extent of these. reservoirs should tell 

us abou t Mars' climatic history - and could provide inslg/lts into 

Earth's history of interminent ice ages . 

• Resources. What is the interior of the Red Planet like? Is it 

presentlya&tiJIe, anii if so, how is that activity manifested? What 

near-su rface materials and volatilUompounds are present and how 

are they distributed? Answers to these queSOOl1s will shape future ex

plorations of MaTS, including, perhaps, human expeditions sometime 

in the 21st century. 
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plant of the Laboratory's panner. Manm-Marietta AstronautIcs. Both missions 

are to be launched toward Mars in late 1996. within a month of each other. 

Mars Pathfinder, arriVIng at the planet in the summer of 1997. is to be a 

proof-test of an innovative engineering concept for pladng robotic spacecraft 

safely on a planetary surface WIth as small a retropropulsion system as possible. 

TIus concept envisions a combination of an aeroshell. parachutes, small sobd

fuel rockets and aIr bags to slow and lower a spacecraft in a planetary at

mosphere, and, finally, to land it on the surface. Once there, the landing 

platform - itseH a functioning spacecraft - WIll deploy a microrover onto the 

surface to conduct sdence experiments. NASA has capped Mars Pathfinder costs 

at $171 million over the course of three years and JPL is carrymg out the project 

within budget. 

Mars Global Surveyor, entering near-polar orbit around the planet in the 

fall of 1997 (using the aerobrakmg technique experimentally demonstrated by 

JPL's Magellan miSSion to Venus), WIll spend two years mapping the planet's 

surface topography, geocherrucal composition and weather patterns. The lessons 

learned from the earlier Mars Observer mission are being applied to the design 

and manufacture of the new spacecraft: Changes have been made to the 

propulsion system to preclude premature rruxing of its hyperbolic propellants, 

identified as the most hkely cause of the Mars Observer failure. Mars Global 

Surveyor will be a less costly spacecraft to develop than the earlier mission 

($154 million versus $510 rrulhon) because It will mcorporate surplus Mars 

Observer hardware and software. WIll be lIghter (650 versus 1,100 kilograms) 

and will be launched by a less expensive rocket (a $50 millIOn Delta versus a 

$350 million Titan 3ITransfer Orbital Stage). 

MartIn-Marietta Astronautics was selected to build the Mars Global 

Surveyor spacecraft on a 26-month timetable to meet a late-1996 planetary 

launch opponunity. The spacecraft will carry six sdence instruments. but will 

still be light enough to launch aboard a Delta rocket. 

The CasSlni mission to Saturn - an international venture involving 

NASA, the European Space Agency and the Italian space agency (Agenzia 

Spaziale Italiana) - is another major Solar System exploration effon in develop

ment. Last year, NASA assigned to the Cassini Project Office responsibility for 

the Titan 4/Centaur launch vehide, and the Huygens probe to be landed on 

Saturn's moon Titan, adding to the office's basic responsibility for the Casslni 

orbiter spacecraft. 

Cassim made significant progress in 1994. The project was recertified to 

reassure NASA about three major issues: The spacecraft can still be launched to 



Saturn in 1997 by the Titan 4/Centaur rocket; It remains a world-dass mission, 

despite a reduction in development funds, and Its operational and analytical 

costs WIll not exceed NASA's funding cap. 

!7'NNOVATIONS IN MISSION DESIGN 

In the design and fabrication of Mars explorauon spacecraft and other 

projects, JPL is applying Total Quality Management concepts to mission assur

ance, a new approach perhaps best expressed by the adage, MDon't inspect 

quality mto the product after manufacture; design It into the process. M Toward 

this end, JPL has recently created two key fadhties: the Project DeSign Center 

and the Flight System Testbed. 

The Project Design Center, a network of nine computers linked to a 

common database and housed in a 220-square-meter office, provides an 

environment where engineers, sdentIsts and support personnel can work 

together - and concurrently - on the major elements of a new miSSion, 

induding sdence goals, hardware, software and operations. Projects such as 

Pluto Express, Mars Pathfinder, Mars Global Surveyor, the Space Infrared 

Telescope Faality (SIRTF) and others are already usmg the Center's capabilities. 

A team from the Pluto Express predevelopment office, for example, uses 

the Center .10 engage in imaginative MbramstormmgM sessions about the mission 

to explore the ninth and only unVisited planet 10 the Solar System. In a given 

session, the team tackles any number of issues: What if the size of the Pluto 

Express antenna were mcreased? How much more data could be transrmned 

and at what rate? Could transrmtter power be reduced? How much additional 

mass would a bigger antenna add to the structure? Would that greater mass 

affect the launch vehide's performance? Would the cost of a larger antenna 

adversely affect the project's fundmg cap? Could such an antenna be developed 

10 time to meet the schedule? The Center allows engineers to obtain answers to 

questions like these in real time - and share the information promptly With all 

other team members. 

A tool complementary to the Project Design Center and equally valuable 

IS the Flight System Testbed, a complex of three test statIons and separate com

puter network in a 170-square-meter room. The Testbed allows engineers and 

sdentists to work out the problems of new designs (or new technologies) very 

early in a project's life cyde. For example, a project office might want to de

tenrune how well an advanced camera system would work in an evolving 
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spacecraft des ign . By mounti n ~ a prolOrype came ra on a 1 st station and 

conneCling it to computers t har simulate the spacecra ft and grour d systems, 

'ngineers can create a "virtual" spacecraft, put it through its paces and make 

rhe necessa ry Jelerminarion . 

NASA intends to revolutio nize space exploration in the 21 st century by 

fl ying mo re missions- addressing broader spectrum of scientific questions 

more freq uent ly and yet al lower cost. .JPL's Project Design Cenler and Flight 

System Testbed both repr sent important mea ns to hel pi ng achieve rh is goal. 

The L<1boratory and its industrial pa rtner are alrea dy investigating a new 

genera ti on of small. versatile spacecraft and instrum nlS that will take less ti me 

a nd mO lle to build and operate tha n anything previously flown in space. The 

L<1 borarory's New MiJlenni um program, a good exam ple of th is fo rward- looking 

effort, wjJJ d velop and flight -qual ify a el of advanced tedmolo 'ies that w ill 

radically change the character of space exploration. 

The New Mi llennium program focuses on areas such as a utonomous 

mission operations, m inia turized and microsized mac hinery and sensors, 

m icroelectro · ( S, telecommunica tions and advanced materials and structures; 

.J PL pproaches the development of each of these technologies with design -to

cost as th paramount conce rn . Laboratory personnel pursue vigorously lhe 

best-poss ible pe rforma n e, but not at the risk o f xceeding budgeta ry limits or 

missing s ·heduled m ilestones . 

The ew Mi llenniu m program holds out intriguing possi bilities: Very 

compa and in tegrated planetary orbiters or landers, weighi ng just a few ten. of 

ki logra ms, would efrecti vely be o n til .i r own once launched. These spacecra ft 

wou ld self-navigalc 10 their targets, teer th mselves into orbit (or down onto 

a urface) an repon back to Ea n h on ly when downloadi ng d ta or fadng a 

problem [hat their on board systems could not handlt: . Such operational au

tonomy would great ly redu ce the need for ground-based support . Many 

m issions co uld operate simultaneoll sly in di fferen t comers of the Sola r System, 

without swamping the Deep Space Network wit h up- and downli nk transmis

sion of r0l1line informario n . 

Look ing beyond these sma ll -spacecraft concepts, JPL enginee rs can 

envision an yen more advanced generation of exploratory spacecraft and 

probes ca lled "spacecraft-o n-a -chip" - a complete ct of systems reduced to 

in tegrated ci r uits and m icrodevices mounted on a single substrate . Clusters or 

these tiny, sil ver dolla r-sized probes could be di persed into, for instance, the 

Jovian magnet )sphe rc or the Venusian 3lmospher , with thei r m asuremenlS 

relayed back 10 Eart h via an orb iting mO lher spacecrafr. 
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It rrught be possible someday to combine the spacecraft-on-a-chip concept 

with another new technology - inflatable/deployable structures - to create 

large, lightweIght booms, antennas, reflectors or even complete spacecraft. JPL 

and an industrial panner, L'Garde Inc., of Tustin, California, are at work on a 

14-meter-dIameter antenna that is made of aluminized Mylar film and Kevlar 

and IS parabolic in form when inflated. Folded into a small volume, the antenna 

will be proof-tested during a space shuttle mission in 1996. 

The antenna could be the forerunner of even more advanced inflatable 

structures. equipped with systems and sensors "on-a-cllIp" and packed into a 

volume no bigger than a bass drum. Once launched by small-to-medium rockets 

mto space and Inflated by a gas pressure as little as 133 x 10-6 pascal (approxi

mately 1ll0,OOOth of the air pressure at sea level on Eanh). these fully deployed 

structures could have the dimensions of a Hubble Space Telescope or GaWeo 

spacecraft. but only a fraction of their mass. And If a partirular miSSIOn called for 

a rigid structure. the inflatable matenal could be chemically coated so as to "set" 

when exposed to solar ultraviolet or infrared (heat) radiation. 

In another effon to revolutionize space exploration, NASA last year 

challenged the space science commuruty to subrrut creative ideas for a new class 

of low-cost planetary and astrophysics mISsions called DIscovery. Each Discovery 

rrusslon will cost less than $150 million to develop and less than $240 rrullion 

total. mcludIng launch and operauons. The response to the NASA challenge 

from uruversities, industry, JPL and other NASA field centers was impressive. 

JPL submitted several ideas in conjuncuon with various university and 

industrial panners. These include a spacecraft that would fly through the coma, 

or tail, of an active comet. taking images and returning samples of coma dust to 

Earth for more detailed analysis; a spacecraft that would collect samples of solar 

particles strearrung outward from the Sun and return them to Earth for funher 

analysis. and a spacecraft that would transport 16 small probes to Venus, 

scattering them throughout the planet's atmosphere to study its unusual 

circulatory patterns. 

~UDIES OF THE DISTANT UNIVERSE 

The Laboratory's inquiries are not limited, however. to the other bodies of 

the Solar System, but extend beyond to the distant Universe. There is a rich lode 

of saenufic data about galaxies and galactic processes to be mined in the longer 

wavelengths - infrared and submillimeter - and JPL has two missions under 



development to extract that information: the Wide-Field Infrared Explorer 

(WIRE) and the Space Infrared Telescope Facility (SIRTF). 

WIRE IS a cryogenically cooled telescope with a 30-centimeter aperture 

that will look for both "starburst" galaxies, systems already formed where large 

numbers of stars are fornung in localized regIons, and protogalaxies, stany 

systems just in their infancy. This small, simple spacecraft will operate for about 

four months and explore two wavelengths (12 and 25 micrometers) with a 

sensitivity 500 times greater than that of the Infrared Astronomical Satellite. 

JPL's partner in the $50 million WIRE project IS Utah State University. 

SIRTF, one of NASA's four great observatories, will broaden and deepen 

the investigations of both the WIRE and Infrared Astronorrucal Satellite mis

sions. SIRTF will explore a wider band of infrared frequenoes With a spec

trometer (3.5- to 40-rrucrometer wavelengths) and an imaging camera (10- to 

180-micrometer wavelengths). 

Responding to NASA's requirements for a smaller, less costly space 

observatory, JPL has reduced the mass of SIRTF from 5,700 to 750 kilograms 

and the cost from $2 billion to $400 million over the last two years. Perhaps 

the most sigruficant change to the mission has been the idea of pladng SIRTF 10 

solar orbit, trailing - instead of orbiting - Earth. Earth orbit is not an Optlmai 

arena for an observatory like SIRTF because observation time is limited to the 

night side of the planet. Also, reflected heat and hght from Earth create thermal 

problems and ground operations are complex. These and other problems would 

be minimized in solar orbit as the spacecraft drifts to about 50 million kilometers 

behind Earth during the course of Its 2.5-year-long hfetime. 

Another JPL instrument, the second Wide Field/Planetary Camera, began 

operating aboard the Hubble Space Telescope in 1994, and its performance was 

widely hailed. After the telescope's primary mirror was discovered in 1989 to 

have a spherical aberration that made it impossible to focus collected ught 

sharply enough, JPL was asked to redesign the second camera (already under 

development) to compensate for the flaw and, moreover, to do so in time to 

meet a scheduled December 1993 servidng mission. The redesign included an 

adaptive optics system with a new secondary mirror (about the size of a dime) 

shaped so as to counter the aberration - and a senes of still smaller adjustable 

mirrors that could be commanded to tilt or tip to tighten the focus even more. 

Successfully substituted for the first Wide Field/Planetary Camera dunng 

the 1993 servidng mission, the second JPL camera underwent an extensive 

checkout at the start of 1994 and then began taking a series of breathtakingly 

clear images, capturing objects both within and far beyond the Solar System: 

13 



14 

• Newborn sta rs in the Orion nebula, surrounded by planet-forming disks 

no more tha n a few hundred thousa nd years old . 

• Complex patterns of eject d material from the explodi ng star Eta Carinae. 

• forty Cepheid stars in the Virgo Galaxy M100 who~e variable brightness 

has long b en used as a cosmic ya rds tick and shou ld now enabk astronomers to 

calculate the precise rale of the Universe's expansion for the firsl time. 

• Red dwarf SlarS, hypothesized to be as numerous throughout the 

Universe as spa rrows on Earth and so acc() unti ng for upward of 9() percent 

the "missing rna s" of the Universe, but revea led by the J PL camera to be ra re . 

• A speCtacular storm raging high in Saturn 's up per atmosphere. 

JPL's sec nd Wide Field/Planetary Camera restores the Hubble's capa 

bilities to o rigina spcdfications, enab ling the telescope to see farther into the 

Universe, with greater sensitivity and acuity, than any other telescope. 

Through these missions, and possible participation in an international 

infrared space tele cope being planned for the next entury, JPL scienti sLS expect 

to answer some of the morc puzzling que lions about the early stages of the 

Univer c 's evolulion . 

YOLAR S YSTEM EXPLORATIONS 

Fo r JrL's long- tenn, deep space missions, 1994 was an eventful year. 

Ga li leo, which has been sailing toward Jupiter since 1989, wa.~ ab le to observe 

the fiery de tnlction of a comet that collided with the Solar System's largest 

planer. Ulysses, meanwhile, pass d by the Sun's soulh pole and is s ating 

toward the solar north pol . Anu MagelJa n last ear concl ude n extraordinary 

5.5-yea r-long mission at Ven us, p lunging into the Venusian atmosphere in a 

"wind-milling" exp riment that extraCle U~ ful soence data up to the last 

second of the spacecraft's operation. 

Galileo, on fina l approa h to Jupiter, found itself in the righ t place at the 

right rimt: last summer as the fragm nts of 'om t Shoemaker-Levy 9 plowed 

in to lhe far side o f Jupiter. It was lnily cosmic theater - the fi rst time humanity 

has had an opport un ity to witness a coll ision of celestial objeCt . 

But the coll isions took place not on Jupiter's celller stage, where they 

would have been immediate! ' visi ble to ground-based telescopes and Earth 

orbiting spacecra ft, but orr-stage, just around the limb as !>een from Earth. 

Ga1ileo happened to be in a posit ion where its sensors could see til impaCts of 

fragments G, H, K C ,Q I, Rand Was they occurred and so provided va luable 
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infonnation on the sizes, temperatures and other properties of the fireballs 

during the first few minutes of the collisions. 

In particular, the impact of fragment G was recorded by three of Galileo's 

instruments - the Near-Earth Mapping Spectrometer, the Photopolarimeter 

Radiometer and the Ultraviolet Sensor. TIlis was the first time in rustory that a 

comet impact had been directly characterized. Estimated to be up to 2 kilometers 

in diameter, fragment G created a firebaU with a temperature of some 7,700 de

grees Celsius - hotter than the surface of the Sun - as It smashed into the 

Jovian atmosphere. FIve nunutes later, the fireball had expanded to hundreds 

of kilometers across and had cooled to 130 degrees CelSIUS. 

Because of widespread interest in the comet collision, JPL created a 

"Shoemaker-Levy Homepage" on the World Wide Web of the Internet. The 

Homepage became an electroruc repository for hundreds of impact images and 

scientific infonnation gathered worldwide by instruments in space and on the 

ground. By the end of 1994, the Homepage had been accessed some 3.4 millIon 

times, reflecting the lOtense public lOterest in the event. 

Earlier in 1994, Galileo played back the tape-recorded data of Its August 

1993 encounter With the asteroid Ida. Ida turns out to be an irregular, S-type 

body (the most common) 55 kilometers long and 15 to 20 klIometers at its 

widest. Sdentists were surprised, however, when their review of Galileo Images 

revealed that the asteroid has a moon of Its own, a tIny object (later named 

Dactyl) 1.4 kilometers in dIameter and trailing 100 kilometers or so behind the 

larger body. 

The Galileo team spent much of 1994 preparing for the Jupiter amval 

of the spacecraft, which consIsts of an Orbiter and a Probe, lo December 1995. 

Cntical engmeenng sequences were wntten for the release of the NASA Ames 

Research Center-developed Probe; for the receipt of data from the Probe dunng 

Its high-speed descent mto the Jovian atmosphere, and for the Orbiter's inser

tIon lOto orbit around JupIter at almost the same time as the Probe's descent. 

The Galileo team also contmued work on ways to speed the transmission 

of data from the Orbiter's low-gain antenna, the primary link between the 

spacecraft and Earth since the umbrella-like high-gain antenna faIled to deploy 

fully. New data-edItlOg and -compression techniques will allow the same 

information to be returned with 10 or 20 times fewer bits; this should dramatI

cally increase the data return for GaWeo's two-year, 10-orbit tour of the Jovian 

system. Close-up images of the planet's four Galilean moons, which will be 

gathered by the Orbiter, are expected to be 100 to 350 times better than those 

taken by the two Voyagers in 1979. 



Ulysses, launched In 1990, IS the first spacecraft to orbit the Sun at a 

high-enough angle to observe the solar poles. Last September, Its trajectory 

haVIng been warped out of the ecliptic plane by a close flyby of Jupiter in 1992, 

the spacecraft returned to the inner regions of the Solar System and dove to 

80 degrees south latitude. There, for the first time, scientific Instruments 

glimpsed the Sun's south polar region. 

Saentists In the Umted States and Europe (the project IS an international 

effort between NASA and the European Space Agency) had expected that the 

Sun's magnetic field would be similar to Earth's - that is, tightly bunched at the 

poles and spread out, like a whisk, as it arches high above mid-latitudes and the 

equator That IS not qUite what Ulysses found, however. 

The strength of the solar polar field turned out, surprisingly, to be roughly 

the same as that of the solar equator field, suggesting that the Sun's magnetic 

field is not as bunched at the poles as Earth's IS The explanation offered by one 

of the Ulysses saence teams IS that the powerful solar wind a high-velocity 

ion stream - spreads out the Sun's magnetic field at the poles and, as it flows 

outward, pushes the magnetic flux hnes In the direction of the equatonal plane, 

dispersing them over the large distances reached by the wind. 

Sdentists have long known that the solar Wind blows unevenly, alternat

Ing between hIgh and low speeds. The slow Wind has been theorized to originate 

in equatonal regions and the fast Wind In coronal holes at the poles. As Ulysses 

moved toward higher latitudes, saentists expected that the solar Wind there 

would pick up speed and flow In a more orderly way. Indeed, that is what the 

spacecraft observed: a steady stream of electnfied gases blOWing at 750 kilome

ters a second, or 2.7 million kilometers per hour. 

Ulysses also made a discovery about cosmic rays. Prior to the spacecraft's 

solar passage. it was thought that these very energetic parucles shooting into the 

Solar System from other regions of the Milky Way Galaxy would be tWice or 

more as abundant at the Sun's poles than at the equator because of the funnel-

109 effect of bunched magnetic fields. In fact, the spacecraft detected only 

slightly greater counts of cosmic rays coming into the south pole than It had 

measured in equatonal regions. This unexpected finding was due to large, 

Irregular changes in the direction of the magnetic field. caused by waves that 

originate In the Sun and are contmuously present over the polar cap. These 

irregulanties appear to block cosmic rays around the poles and deflect them back 

out to space. Ulysses IS to fly over the solar north pole in 1995 and scientists are 

eagerly awaiting the results from that pass 

Many quesllons slill remam about the Sun and its dynamics. As a result, 

NASA IS consldenng a follow-up, joint U.S.-Russian project called FIRE that 
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would involve two spacecraft sweeping dose to the Sun Solar Probe, the U.S. 

spacecraft, would come Within 4 solar radii of the Sun, well inSide the solar 

corona The Russian spacecraft. called TSlOlkovsky In honor of that nation's great 

SCientist, would approach to within 10 solar radii of the Sun. 

This miSSion, undoubtedly one of the most challenging ever undertaken 

by JPL, envisions a 160-kilogram spacecraft bearing a set of four soentiflc 

Instruments - a plasma spectrometer. plasma wave detector, magnetometer 

and disk Imager sensitive to visible and ultraviolet wavelengths. Perhaps Its most 

innovative element IS a tugh-gain antenna that would also serve as a heat shIeld; 

the antenna, parabolic as well as elhpucal in shape, would be 1 to 1.5 meters at 

Its WIdest, 2.5 meters long and made of a carbon-<:arbon matenal that would 

withstand the Intense thermal and radiation environment dose to the Sun. 

&BSERVING EARTH FROM SPACE 

In addition to conducting extensive Interplanetary research dunng 

1994, JPL made discovenes closer to home, where Its Earth-orbiting satelhtes 

and Instruments addressed a broad set of questions fundamental to life on 

this planet. 

TOPEX/Poseidon (for Topographic Ocean Expenment and the Greek god 

of the sea) is a jOint NASA-JPL venture With the French space agency, Centre 

National d'Etudes Spatlales. Launched in 1992, the satelhte has performed 

superbly m measuring the dynamiCS of the world's oceans With a radar altimeter 

and a radiometer. The altimeter measures the global ocean topography, relative 

to Earth's geoid, with an accuracy of 2 to 3 centImeters with the radiometer 

proViding corrections for errors In the data caused by atmosphenc water vapor. 

Last year, the project made two important dlscovenes. The first was that 

the effects of an El Nino phenomenon in the Pacific Ocean are longer-lasting 

and Wider-spread than previously thought. EI Nino IS a great surge of warm 

ocean water that sweeps eastward across the equator every three to four years 

when westerly winds weaken and can no longer hold the ocean mass against 

the Asian contment. 

The event IS disastrous for landforms and hfe alike: Torrential rains and 

heavy snows, stemming from storm tracks driven far south of theIr usual paths, 

fall on the west coasts of North and South Amenca and the surge Itself overndes 

cooler Eastern Paoflc waters, smothenng the upwelling process that brings 

nutnents to the surface. Without those nutrients, fIsh and bird populations 

decline rapidly 











TOPEX/Poseidon has found that an EI Nino does not dissipate after hitting 

the Americas, as had been thought, but instead ricochets back toward Japan and 

Australia. There, Its effects - although drrninished - are felt for several years. 

Several such surges can follow each other around the PaCific at three- to four

year mtervals. extending their disruptive effects for as long as a decade 

TOPE XI Poseidon also found that the global mean sea level has nsen 

2 nuillmeters every year smce 1992, an increase that nught be caused by melting 

ice from polar regions or by the expansion of warm ocearuc waters. Given the 

scant data collected so far, thiS trend could be either the first sign of long-term 

global warmIng - a very senous consequence of Mgreenhousew gases pumped 

into the atmosphere by human activities - or srrnply a short-term clImatic 

fluctuatIOn. Measurements collected by the oceanographic satellIte 10 the near 

future should resolve this issue Beyond that, TOPEX/Poseldon findIngs are 

expected to lead to a deeper understandmg of ocearuc dynamics, with benefits 

m improved weather forecast1Og, commerdal shipp10g and fisheries, pollution 

abatement and ou exploration. 

Another key JPL tool for Earth observations is the Microwave Limb 

Sounder Flying aboard NASA's Upper Atmosphere Research Satellite 

600 kilometers above Earth smce 1991, trus Instrument scans the stratosphere 

for chenucals 1Ovolved 10 the depletIOn of the planet's protective orone layer

including the predomInant form of chemically reactive chlonne. Stratosphenc 

chlorine comes mamly from chlorofluorocarbons (CFCs) - WIdely used 

refngerant and mdustnal gases - and destroys ozone. 

The Microwave Lrrnb Sounder, wruch earher had confirmed chlonne 

chemistry as the cause of the ozone hole over Antarctica and proVided the nrst 

maps of elevated levels of reactive chlorine over both the Antarctic and Arctic 

regIOns, last year denrutlvely showed a chlonne-linked loss of ozone over the 

ArctiC. ArctiC loss IS not as severe as that which tYPICally occurs over the 

AntarctiC, a difference attributable to the fact that stratospheric temperatures 

there do not fall as low, or remam low as long, as they do over the Antarctic. 

Low temperatures lead to the formation of polar stratospheric clouds that 

convert chlorine mto its destructive forms. 

The Laboratory last year also took the measure of Earth's surface WIth a 

radar mapper, the Spacebome Imaging Radar-C/X-band Synthetic Aperture 

Radar (SIR-C/X-SAR). SIR-C was developed by JPL; X-SAR was developed by 

the German space agency, Deutsche Agentur fur Raumfahrtangelegenhelten, 

and the Itallan space agency, Agen71a Spaziale Itabana. The large, Integrated 

1Ostrument, filling the cargo bay of the space shuttle, flew two Earth-orbital 
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NETWORK 

Of all JPL's capabilities alld responsibilities, the Deep Space Net

work extends deeply, like a tap root, into the Laboratory's history. The 

Network was founded in January 1958 when JPL - still under con

tract to the u.S. Army - deployed portable rad;o tracking stations in 

Nigeria, Singapore and California to receive tel£metry signals from 

Explorer 1, the first Earth-orbiting U.S. satellite. After becoming part 

of NASA in 1959, the Laboratory established permanent stations for 

deep space telecommunications at three sites approximately 120 de

grees apart around the globe: Goldstone, California; Madrid, Spain, 

and Canberra, Australia. 

In addition to providing «JmmU7zications and tracking for inter

planetary and low-Earth-orbiting spacecraft, the Deep Space Network 

carries out scientific experiments. In 1994, JPL scientists used the 70-

meter-diameter Solar System radar at Goldstone to image the asteroid 

1620 Geographos when it came within 7.2 million kilometers of Earth, 

its closest approach for at least the next 200 years. Computerized re

construction of the radar echoes revealed Geographos to be a fascinat

ing and unusual object, some 5.1 kilometers long a~d 1.8 kilometers 

wide. This asteroid has the largest length-to-width ratio of any object 

yet observed in the Solar System; it has yet to be determined if it is 

one, coherent object or two or more fragments moving in formation. 

In other observations, JPL scientists studied another asteroid, 

Castalia, using the National Science Foundation's Arecibo Radio Ob

servatory in Puerto Rico. Castalia appears to be a two-lobed body less 

than 2 kilometers across. The detailed, three-dimen ional radar im

ages that were obtained - the first such of an asteroid - confirmed 

that asteroids are the most irregularly shaped objects in the Solar Sys

tem, probably because of countless collisions with other fragments re

maining from the Solar System's earliest times. 

The Deep Space Network's effectiveness depends to a large extent 

on the ability of JPL engineers and scientists to develop technology 

that will support future missions at the lowest cost and yet with the 

highest reliability and flexibility. In 1994, for example, Network engi

neers found a way to link, through conventional telephone lines, 

spacecraft operating in low Earth orbit and the associated principal 

investigators anywhere in the world. The link is made possible by a 



small, automated, ground-based antenna called LEO-D (Low Earth 

Orbit Demonstration), which can be accessed through telephone lines. 

Investigators can direct the antenna terminal to acquire data from 

an Earth-orbiting satellite and return that information to their own 

computers. 

Engineers in 1994 also developed an ionic clock, called a linear 

ion-trap standard, which is more precise than any atomic clock now 

in operation. The new clock will help scientists conduct a broad range 

of radio-science experiments over great distances by detecting ex

tremely small perturbations in radio signals sent from Earth to a 

spacecraft and back again . Gravitational waves rippling through the 

Solar System would perturb an Earth-spacecraft system by a very 

small amount, distorting the round-trip time of a radio signal ever so 

slightly. The ion-trap clock, however, is capable of measuring a pico

second (1 x 10-12 second) variation in a 1,000-second observation 

period - about the magnitude of variation that would be expected in 

signals between Earth and the Cassini spacecraft at Saturn. Such 

variations, if observed repeatedly, would be construed as direct evi

dence of the existence of gravitational waves. 

The Deep Space Network is constantly changing to meet the de

mands of new space missions. Over the years, its three sites have ac

quired a variety of antennas: 70-meter-diameter units (one at each 

site); J4-meter-diameter units (Goldstone has a total of eight - five 

in service, one on standby and two under construction - while 

Madrid and Canberra each have two in service, with a third under 

construction at each site) , and smaller-diameter units at each site. 

Major strides were taken in 1994 toward completing construction of 

the four new J4-meter beam-waveguide antennas at the three sites. 

With their multifrequency systems, the new J4-meter antennas 

- operating alone or in arrays with other antennas - will be able to 

support JPL's far-flung spacecraft. The antennas will capture S-band 

data from the Galileo spacecraft after it enters orbit around Jupiter, 

K-band radio-science data from the Cassini spacecraft when it arrives 

at Saturn soon after the turn of the century, Ka-band telemetry from 

New Millennium spacecraft when they begin flights in another few 

years and X-band science data from the two Voyager spacecraft as 

they approach the heliopause, the boundary between the Solar System 

and interstellar space, at a distance of zoo astronomical units. 
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mISSIons, each lastmg II days, m the spnng and fall and took some 20,000 radar 

Images of volcanoes, flood-devastated regIons of the U.S. and BraZIl, a tropIcal 

cyclone and speafic forest sites around the world. 

Both flIghts could not have occurred at more opportune times: The first 

took Images of the stdl-actIve Mount Pmatubo, a volcano m the PhilIppmes; the 

second caught KhuchevskOI, a volcano on the Kamchatka Peninsula, Russia, Just 

hours after It began eruptmg. A companson of the April and October Images of 

Pinatubo dIsclosed mud flows moving down the volcano's sides and demon

strated Just one of the useful aspects of such radar data. 

SIR-C/X-SAR also peered down on the upper MIssissippi RIver dramage 

basm, so badly flooded m 1993, and Identified WIde areas now overlam with 

sand deposIts and hence not presently suitable for plantmg. Federal and state 

agncultural agenCIes will be usmg thIs mformation as they work on long-term 

recovery efforts. 

The mstrument also mapped the area extent and volume of the snow pack 

m the Eastern High SIerras of CalIfornia and m the Austrian Alps to determme 

Just how much water could begIn f10wmg when spnng thaws come. The in

formation gathered m 1994 was mtended to prove the underlymg concept, but 

flood control agenCIes should fmd such data very important m the future 

Even human hIstOry can be read in the SIR-ClX-SAR data, because the 

microwave pulses emItted by the radar can penetrate dry sand or vegetation to 

varymg depths before being reflected back up to the mstrument's antenna. The 

SIR-C/X-SAR team pursued a 1992 Landsat satellite discovery of what mIght be 

the anCIent CIty of Ubar m southern Oman, on the ArabIan Perunsula. The team 

uncovered a network of roads and buned riverbeds that converges on the city, 

suggestmg that thIS site could have been Ubar, a major trade center that 

flourished from about 2800 B.C. to 300 A D Prelirrunary excavatIons are bemg 

carned out at the site by archeolOgIsts using the SIR-C/X-SAR Images 

Sirrularly, the radar revealed the rums of NIya, an ancient settlement 

under the sands on the legendary SIlk Road m the TakJlmakan Desert m western 

ChIna. SCIentiSts are also studying measurements collected around the pyrarruds 

in Egypt and the Angkor-Wat temple complex m Cambodia for hInts of long

buried secondary structures. 

SIR-C/X-SAR data can be combmed with those from TOPEX/Poseldon 

and the MIcrowave Limb Sounder in ways that yield InsIghtS mto terrestrial 

processes. For example, SIR-C/X-SAR can detect the movement of ocean water, 

whIle the oceanographic satellite can *see* the higher elevatIon of warm water. 

When the two data sets are correlated, currents like the Gulf Stream in the 

AtlantIC and the KuroshIO In the PaCIfIC take on a thIrd, more realIstic dimension. 



Indeed, the space radar, with its three frequenaes - X-band (3 centime

ters), C-band (6 centimeters) and L-band (23 centimeters) - has suggested so 

many valuable applications that 1PL is proposing a free-flying, Earth-orbital 

version that would monitor the planet contmuously, Just as TOPEX/Poseidon 

and the Microwave Limb Sounder do. 

~CHNOLOGY AND APPLICATIONS PROGRAMS 

The Technology and Applications Programs (TAP) Directorate carries out a 

broad range of work for NASA and other sponsors. For NASA, the dIrectorate IS 

developing advanced technologies that will be needed for future space explora

tion - such as microsized devices, supercomputer technologies, robotics and 

telerobotics, optics, rovers, advanced matenals and structures, information 

systems, autonomous systems and power and propulsion sources. For non

NASA sponsors, it is applying 1PL's speaal capabilities to technical and scientific 

problems of national significance. 

In 1994, TAP was asked to extend the Corps Battle Simulation system

a computenzed, interactive tralrung program for U.S. Army brigade and bat

talion commanders - to other simulation systems representmg higher and 

lower command levels. This addItion Significantly enhances the reahsm and 

fidelity of the various ground combat situations Army personnel might someday 

have to confront. 

One of the directorate's major acluevements m 1994 was the demonstra

tion of an advanced camera system based on actIve-pixel sensors. These sen

sors, under development at 1PL since 1992, are more hke computer chips than 

charge-coupled devices (CCDs) - the dommant imagIng technology of recent 

years - in that several functions (such as photon capture, Signal amplification, 

timing and analog-to-digital conversion) can be sequentially deposited on a 

standard semiconductor substrate. Most of this work was conducted at 1PL's 

Center for Space Microelectronics Technology, a facility sponsored jointly by 

NASA, the Departments of Energy and Commerce, the Advanced Research 

Projects Agency, the Ballistic Missile Defense Organi7.atIOn and mdustry. 

1PL's demonstration camera IS a 256- by 256-plxel array with integral 

timing and control circuits and needs only a power source and a lens to function 

as an lffiaging system. Although its resolution IS presently not as high as a CCD 

unit's, the active-pixel camera needs less than a hundredth of the power 

required by a CCD camera and ffilght someday find application m a broad range 
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of science progra ms, as well as in consumer products ranging from video 

telepho nes and safety devices to tOys. 

Equally promising is another new cam ra system called Quantum -Weil 

In frared Photodeteaor. This uni t is designed ro capture very fa int themla l 

ra diation and could hecome an importa nt element in the Mission to Planet Eanh 

program by mapping pollutant gases, geo logic structures and ' uriacc tempera 

tures. Il cou ld al 0 be used TO ca ptu r infrared radiarion from dista nt obje ts in 

the Un iverse . 

TAP is also acrivdy involved ill uansferring Federally sponsored technol · 

ogy ro ind ust ry and other Gove rnment agencies . The Sou the rn California firm 

of Al len Osborne Assoaates, for example, Last year introd uced a lightweight 

(4.3-ki logram) receiver thaI picks up the comm unications signals from the 

Global Posirioning System, a D pa rtment of Defense ne twork o f 24 sate ll ites 

orbiting 20,000 kilometer· above Eart h . The re eiver, based on a J PL design 

from the late 19805 iJnd called "Tur oRogue, " an track as many as eight Global 

P sitioning System sa telli tes simultaneously and thereby determine the relat ive 

posi ti ons of two or more locations on Eanh with millimeter accuracy . 

Such predsion is of grear in terest to scientists monit ori ng the very slight 

movements of anh 's crustal plates for earthquake and 01 "ano research . 

Indeed, JPL and u.s . Geological Survey scientists in 1994 used TurboRogue 

receivers to study the ground shifts aused by the Nonh ridge, California, 

ea nhquake of January 17, 1994. Analy·is of the temblor da ta revealed that 

Oat Mountain, a peak o f the Sama Susana Range that borders the nonh end 

of the San Fernando Val ley, y as lifted 38 centimeters, and moved 16 ce.ntime

ters north and 14 centimeters west 0 its prior position, as a resu lt of the tremor. 

The receivf"rs , in effect , captured mounrain bu il ding in progress . 

%ow WAYS OF DOl N G BUSINES S 

The process of change at JPL is not limited to projeas and systems 

de velopmen t; the Laboratory is also changing its work force, its business 

practice and its organi zational struct. ure in response to the new environmen1. 

JPL's annua l bu dget ($1.05 billi on in 1994, do wn from $1. 1 billion in 

1993) is sensitive to NASA's budgetary fortunes - and NASA faces an a ustere 

futu re. Because this projea cd austeri ty could affect prog ram areas of major 

inter 5t to the Laboratory, JPL be liev ~ it only pru d~n1 to plan accordingly . AJI 

Laboratory salaries were th u frozen for FisCJ I Year 1995, an aaion also taken 
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last year at rune other Federally Funded Research and Development Centers 

around the nation. JPL's salary freeze was a response to declirung budgets and 

a demonstration of the Laboratory's sensitivity to costs. 

Indeed, economy measures have been under way at the Laboratory 

since 1992, when plans were announced to reduce the work force from that 

year's level of some 6,400 JPL employees and 1,500 contractors to 5,300 and 

1.200, respectively, by 1997 As 1994 ended, the Laboratory was slightly ahead 

of schedule: The work force stood at some 5,900 Laboratory personnel and 

1,300 contractors. 

Along With dOWllSlzmg, JPL made three Significant organizational changes 

in 1994. The first was the creation of a new organization, the Telecommunica

tions and MIssion OperatIons Directorate. Formed out of most of the former 

Flight Projects Office and the Telecommurucatlons and Data Acquisition Office, 

the new directorate compnses the Gableo, Magellan, Voyager and Ulysses flight 

projects, the Deep Space Network and the Multi-mission Operations Systems 

Office. The consolIdatIon elinnnates some overlapping functions of the preVIous 

offices and also provides for more efficient management of flight projects and 

trackmg operatIons. 

For example, "uplink" and "downlink" are now seen as complementary 

parts of the same process - communications between ground stations and 

spacecraft - and therefore manageable by a more streamlined organization. 

The Voyager Project, faced with a $3 million reduction m operatmg funds last 

year, reorganized from 48 people and 5 teams to 24 people and just 2 simple, 

functional teams - Uplink and Downlink. Other JPL flight project offices have 

independently devised solutions to the problem of mISSion operations costs 

Galileo, for mstance, last year consolidated similar tasks scattered among dif· 

ferent operations teams and developed flight software sequences on a "Just-

in -Time" basis, reducing staffing and saving $13 million. 

The second major organizational change last year was the establishment of 

another new directorate, Space and Earth Science Programs. Formed out of the 

former Office of Space Science and Instruments and those flight projects not 

transferred to Telecommunications and MiSSion Operations (the TOPEXI 

Poseidon satellite and the Spacebome Imaging Radar ProJect), this directorate 

has a charter that includes astrophysics and some parts of Mission to Planet 

Earth, as well as the development of new, small-to-moderate missions to the 

planets other than Mars. 

The development of these small-to-moderate mISSions was an unportant 

consideration m establishing Space and Earth Saence Programs. LIke other 

orgaruzations that have instituted systemic change, JPL recognized that well-



established ways of domg dungs, especially If successful, often hInder the 

mtroductlon of new approaches. To meet the challenge of *faster, better, 

cheaperN nussions and mstruments, the Laboratory felt It necessary to create 

a new enVIronment hence, Space and Earth Soence Programs. 

The new directorate oversees the New Millennium effort, SIRTF; WIRE; 

the Wide Field/Planetary Camera; Pluto Express; the Discovery senes of small 

nusslons; the Rosetta/Champolhon cometary explorer, whIch IS a Jomt venture 

between NASA and Centre National d'Etudes Spatlales; the Seawmds scatter

ometer; the Microwave LImb Sounder; the Multi-angie Imagmg Spectro

rawometer. the Advanced Spaceborne Thennal EmIssIon and Reflection 

Radiometer; the Atmosphenc Infrared Sounder/AtmosphencTrace Molecule 

Spectroscopy; Solar Probe, and space-based mterferometry missions. 

The third major 1994 organmltlonal change transferred the Cassmi 

Project and the Mars Exploration Program Office from their prevIOus orgamza

tlons to the Laboratory's Office of the Director This wrect-reportmg arrange

ment recogmzes the Importance of these two efforts to the nation, to NASA 

and toJPL 

Behmd the laboratory's scientIfIc and engmeenng accomplIshments are 

the admimstratlVe and busmess personnel whose dedicated work makes JPL's 

soentific and engmeenng endeavors poSSible: procurement and contracts 

offIcers, documentation wnters and editors, software spedahsts, human re

sources managers. graphic desIgners. secretaries. admmistratlve assistants. 

fmanoal analysts. attorneys. architects, machInists. electrical and electronic 

techmdans. plumbers, carpenters and others 

These people are as committed as JPL engmeers and soentlsts to trans

fonnmg the Laboratory mto a better, more effioent orgam7.atIOn. For example, 

in 1994. the Busmess Operations Directorate looked at the procurement of 

software and decided the process could be improved. In the past. an order for 

new software passed through 14 people, required 12 approvals and was entered 

m 5 separate data banks; on average. It took almost 18 days between placement 

of an order and receipt of the software 

After surveyIng organizations outSIde JPL that had aLready successfully 

applied Total Quality Management pnnoples to the same problem, Business 

Operations personnel developed a new, Simpler procedure based on the Just-m

Time concept. Now, when commeroally avaJlable software IS ordered, only SIX 

people are involved, one approval IS necessary, one data bank entry is made and 

the package IS delivered to the employee within two days of the order place

ment - almost a 90-percent reduction m cycle time. The new system also has 
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the adv 3ntage of being nearly pa perle s. So su cessfu l has the new system 

been that it will be extended TO the acquisition of other products, with projected 

savi ngs of some $5 m ill ion a year. 

tn anothe r demonstrat ion of reengineeri ng, the Contracts Management 

Office il nd Finanda l Management Di vision merged to become the Cont racts and 

Fin.mee Division. By consolida ting fu nctions, th is new organizat ion reduced the 

backl og of un paid invoices to a few tho usa nd, which can be processed and paid 

withi n the requ ired 3D-day period. 

J rL showed its responsi eness to cus tomers' concerns last year when it 

lmproved iLS management of Government property. A 1993 Go vernment Audh

ing Office repo rt quest ioned the use of computers and olh r equipment by JPL 

employees o\f-site, even though neither the Government Auditing Office no r 

t he Laboratory fo und any ev id n ce of m isusc . By the end of 1994, JPL employ

ees had ret urned 90 percen t of the loaned eq uipment and the remainder was 

revalidated for off-site lISC. In a property in ventory conducted last year, equip

ment los~es we re less thil n half (hose of the previous Stir ey period. 

f!iJR 0 G RAM 5 T 0 5 T R ENG THE N TH E NATION 

AlTho ugh c"aoges are reshapin it work processes and organizationa l 

structure, JPL remains a premier space sci n 'e, engineering a l d appli(;ations 

laboralOr . JPL programs arc designed to promote research and technical 

innovat ion, and ro suppOrt national goa ls in technology commerual i7.arion, 

education and social responsibil.ily . 

Through programs of discretionary funding such as the Director's 

Discretionary fu nd, l ilt" Lal ,o rarory enco rages work on innovative and seed 

research efforts - even those tha ha ve not received conventional task-order 

funding. Prop sa ls eligi ble for Di rector's Discret ionary Fund mon ics cover a 

broad range of sciences and lechnologies, inclu ding adva nced optical system , 

m icroinstru ll1ents and small payloads . La~( ea r, NASA cont rib ute $ ).5 m illion 

to t lte Fu nd; various reimbu rsable funds contribut d an additional $ 137,000 . 

The Fund ini tia ted 22 n f'W resea rch tasks, m de additional awards to extend the 

objeccives of 4 ongoin tasks and provided assistance to several other efforts. 

1994 saw many laboratory accomplishments in the areas of educati na l 

affairs and minority iniriatiVf.:s . For example, the Minori ty Science and Eng i

neeri ng In itia ti ves Office - which is part of the JPL Educational Affairs Office -

along with the JPL fnfomla tion Systems a nd Opera tio ns Div ision and Ca ltech 





In recognition of techrucal Innovation, NASA last year awarded JPL 

employees $151,750, mduding approximately $53,000 m NASA Tech Briefs

related honors and $41,500 under the Software ofthe Year Awards. 

The JPL Technology Affiliates Program gives U.S. comparues dIrect access 

to the Laboratory's technology base. One-on-one relationships between 

company employees and JPL personnel fadhtate the rapid applicatlOn of 

solutions to problems that may be costing firms product-mtroductlon tune and 

money. Dunng 1994, the program grew from 48 to 57 panldpatIng comparues. 

JPL has performed nearly 185 mdiVldual tasks in the six years smce the 

program's inception. 

Through NASA's Small Business Innovation Research Program, JPL last 

year awarded over 70 contracts, proVldmg small businesses WIth approximately 

$15.5 million In resources to develop new dual-use technology for NASA and 

cornmeraal applications 

In response to Federal and NASA Initiatives, JPL has instituted a program 

of Technology Cooperation Agreements to pursue dual use of Federally funded 

technology through cooperative arrangements With U.S. mdustry. These 

agreements between JPL and other organizations are mutually benefloal and 

mvolve no transfer of funds. In FIscal Year 1994, JPL signed 16 such agreements, 

and 11 others are In negotiation 

g::'HALLENGES FOR THE FUTURE 

As 1994 drew to a dose, the Laboratory had much to be proud of - and, 

lookmg ahead, many challenges to face. JPL has begun to change m response to 

the new national enVIronment, but must continue to be orgaruzatlonally and 

programmatically agile enough to deal WIth funher change. DraWIng upon the 

capabilities and dedIcation of its staff, JPL has faced adversity In the past and 

surmounted it - and can do so agam. 

The Laboratory believes that the American people want and will suppon 

an ambitiOUS, well-planned and cost-consaous CIVIl space program - and that 

the projects and tasks to which the gifted people of JPL contnbute daily will 

amply reward sooety In both the shon- and long-term. 

3S 



1994 

1993 

1992 

1991 

1990 

~TAl COS T 5 1990-1994 

o 

NASA-FUNDED R&D: 899 'ON-NASA-FUNDED &D: 121 : 

/994 PROCUREMENT HIGHLIGHTS 

8u,mc'.~5 Firllls $410 1II1i/1O)I 

Small Busi"':.IJ':s S 152 mll/iall 

f-li~I'1riullll' BI..l(k Call1'.t'~ <lnd Or/r,T $3 5 mil/ioll 
\IiI/onlY i:.dUCJiIIJlldlliv;lillltioll.l 

NA SA-FUNDED R&D: 856 NON-NASA-FU. TOED R&D: 2 16 . 

NASA-FUNDED R&D: ~6l NON-NASA-FUNDED R&D: 242 · 

NASA-FUNDED R&D: 840 NO -NASA-FUNDED R&D : 252 : 

NASA-FUNDED R&D: 778 NON~NASA·FUNDED R&D: In : 

100 200 300 400 500 600 700 800 

.... ,LL,ONS Of ill OlLAW S 

Consl ruclion of Facil ities 

• Research an d Developmenl (R&D) 

900 1000 1100 1200 



~SCA L COST S 1 9 9 .t 

CASSINI 

(;AUlfO 

MARS PA THfiNDEi 

TOPEX/POSEIDQN ... 
OTHER fLIGHT Pi lEers 

Tl:lECOMMUNICATlONS A D 
DA' A AcaUlsmON 

A-MOSPHERIC INfRARED 
SOUNDER 

CASSINI NS RUME TS 

MULll-A GlE IMAGING .. 
SPECT.ORADIOMt"ltR 

SPACEBOR E IMAGING RADAR -
OTHER SPACE SCIENCE 

AN 1i'i5TRUMENTS 

TECH OLOGY 0 
AP? A ONS 

OTHEI ~ESEARCrl AND 
DEVELOPMENT 

CONSTRUCTlO~ OF FAC!! ~ ES 

0 50 100 150 200 250 300 

M I L L IONS O f OOL L ARS 

.0/0 TAL PERSONNEL 1990-1994 

1994 

1993 

1992 

1991 

1990 

o 1000 2000 3000 4000 5000 6000 7000 

NUMBER Of PERSONNlL 

Support Personnel 

• Engi neers and Scienlis[s 



38 

~ ONORS AND AWARDS 

Dunng 1994, a number of speoal honors, NASA Honor Awards and 

Laboratory honors were presented to JPL employees in recognition of their 

exceptional achievements and service. Speoal honors are awarded to both 

mdIVlduals and groups by a variety of organizatIons and professional so-

aeties. The annual NASA Honor Awards are presented to JPL employees by 

NASA m recognitIOn of outstandmg mdividual achievements Through a 

vanety of speoal appomtments, Caltech Campus and JPL recognize the 

accomplIshments of indiViduals and promote the exchange of informanon 

m areas of research. 

SPECIAL HONORS 

Aerospace Laurel Citation 1994, 
Aviation Week & Space Technology 

Galileo flight team, for unique images 
of comet Shoemaker-Levy 9 's collISIon 
with Jupiter, and the diSCQVery of 
Dactyl, a moon orbiting asterOId 
Ida 243 

CNES Medal, Centre National 
d'Etudes Spatiales 

TOPEXIPoseidon Team. Lee-Lumg Fu, 
Wliliam C Patzert and Charles A. 
Yamarone, Jr. 

Discover Award for Technological 
Innovation in Aviation and 
Aerospace, Discover Magazine 

Magellan ProJect, for spacecraft 
aerobraking maneuvers 

Doctor of Engineering Honorus 
Causa, ValparaiSO University 

Ronald A Ploszaj 

Elected Fellow, American 
Geophysical Union 

Jean 0 Dickey 

Elected Fellow, American 
Meteorological Society 

Moustafa T. Chahine 

Elected Fellow, American 
Physical Society 

Santosh K. Srivastava 

Elected Fellow, California 
Academy of Sciences 

David Halpern 

Elected Fellow, Institute of 
Electrical and Electronics 
Engineers 

EmG Njoku 

Elected Fellow, Institute of 
Environmental Sciences 

Milena KraslCh 

Medal of Excellence 1994, Women 
at Work 

Bobbie J Fishman 

Most Promising Engineer for 1994, 
Hispanic Engineer National 
Achievement Awards Conference 

Luis J. Ramirez 

Nevada Medal, Desert Research 
Institute of the Nevada University 
and Community College System 

Charles Elachi 

Technology Hall of Fame 1994-
National Space Foundation 

JPL-developed dIgital-Imaging 
technologies and exdmer laser, which 
have contributed to the advancement of 
medical diagnosIS and treatment 



NASA HONOR AWARDS 

Outstanding Leadership Medal 

• Charles Elachi 

• Larry L Simmons 

• John T Trauger 

Exceptional Achievement Medal 

• Maunee J. Argoud 
• Willis E. Chapman 
• Lois L. Cunningham 

• Esker K DaVIS 
• Usama M Fayyad 

• Lee-Lueng Fu 
• David B. Gallagher 

• mf E Israelsson 

• Peter T Lyman 
• Steven A Macenka 
• James P. McGuire 

• Donald E. Rockey 
• Eugene H Trinh 

• Arthur H Vaughan 

Exceptional Engineering 
Achievement Medal 

• James L. Fanson 

• Brian D Hunt 

• Robert P Korechoff 

Exceptional Service Medal 

• Jean H Aichele 
• Teofilo A Almaguer, Jr. 

• Irving M. Aptaker 
• Genjl A Arakaki 

• Jewel C Beckert 
• Daniel Bergens 
• Jacqueline A Booker 
• Madge J. Breslof 
• Mary Fran Buehler 

• Philip S Callahan 
• Barbara J. Carter 
• Charles B. Chapman 111 

• Gregory E. Chin 
• Edward J. Christensen 
o Theodore C Clarke 

• Donald J Collins 
• Joseph H Courtney 
• Szabolcs M de Gyurky 
• Michael W. Devman 

• Omer F. Divers 
• David F Doody 
• George F. Ervin 

• Rene Fradet 

• George A. Fraschetti 
• Raymond B. Frauenholz 

• Mark S Gatti 
• Robert Gershman 
• Carl S Guernsey 
• Robert P Gustavson 
• Gerald Halpert 
• Cheryl A. Hanson 
• Bruce M. Hayes 

• Alan R Hoffman 
• Edward H. Imlay 
• Thomas C. Jedrey 

• Tooraj Kia 
• Kenneth P Klaasen 

• Deanna M Kraemer 
• Carol L Lachata 

• Philip L Leung 

• Ranty H Liang 
• Kimberly A. Lievense 
• Doris Little]ohns 
• Thomas G. Loesch 
• GuyK Man 

• Susan K. McMahon 

• Jeff Miller 
• Beverly K Morales 
• Albert Y Nakata 

• Jeffrey W Osman 
• Tom Y Otoshl 
• William C. patzert 
• Richard F Rathcke 

• Mary E Reaves 
• Donald R. Royer 
• Frank J Salamone, Jr 

• Ronald P. Salazar 
• Dennis J. Shebel 
• William D. Smythe 

• Ronald E Steinkraus 

• Robert A Stiver 
• Randall L. Taylor 

• Barbara J Toth 
• Charles J Vegas 
o Jack D. Wells 

• Melvin N Wilson, Jr 

• Mona M Witkowski 

• Sun Kuen Wong 

Equal Employment Opportunity 
Medal 

o Krishna M Koliwad 
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SPECIAL APPOINTMENTS 

Distinguished Visiting Scientist 

• Freeman Dyson, Science Education 
and Small Missions in Space
Institute for Advanced Study, Princeton, 
New Jersey 

• Richard G Gordon, Tectonics and 
Kinematics -
Northwestern University, Evanston, 
Olinois 

• Sally K. Ride, Space Plasma Physics
California Space Institute, University of 
California, San Diego, San Diego, 
California 

• Carl Wunsch, Oceanography -
Massachusetts Institute of Technology, 
Cambndge, Massachusetts 

Senior Researdl Scientist 

• Eric R. Fossum, Semiconductor Device 
Selence 
• Lee-Lueng Fu, Physical Oceanography 
• Donald K. Yeomans, Solar System 
Dynamics 

Senior Techni<:al Specialist 

• Carl S Christensen 
• Jordan Ellis 
• Roy J. Marquedant 
• William Rafferty 
• Homayoun Seraji 

• Barbara A Wilson 

David Morrisroe Professorship 
in Physics 

• Edward C. Stone 








